ABSTRACT: Fusarium verticillioides is one of the most prevalent Fusarium species on maize and sorghum, causing Fusarium ear rot and sorghum grain mold in warm and humid regions of Iran. The pathogen produces potent mycotoxins known as fumonisins. In order to determine mycotoxin (fumonisins) production on different maize and sorghum genotypes, a field trial was carried out based on a randomized complete block design with 10 treatments and three replications for each crop at Gorgan station in 2010. The ears of corn plants were inoculated by spore suspension of the mixture of some virulent F. verticillioides isolates using an ear inoculation method (Nail Punch). The sorghum panicles were also inoculated by spraying of spore suspension isolates at flowering stage. All infected kernels were evaluated by ELISA kits (AgraQuant Fumonisin Kit; Romer Labs, Austria) for their total fumonisins production at the physiological maturing stage. All genotypes showed statistically significant difference in their fumonisin production in Gorgan. The results of fumonisins analysis obtained from ELI-SA test showed that lines 1 (Resistant) and 3 (Susceptible) with 2.4 ppm and 13.7 ppm had the least and highest amount of total fumonisins respectively among all maize genotypes. Also among all sorghum genotypes, genotypes 10 and 6 with 0.2 ppm and 4.8 ppm had the least and the highest amount of total fumonisins respectively. The results of this experiment demonstrated that fumonisin production level in maize kernels (maybe as maize kernels are the main host of this fungus) was significantly higher than sorghum kernels in Gorgan region.
INTRODUCTION
Maize (Zea mays L.) is one of the major crops in Iran with the production of approximately 1.65 million tons per year (Anonymous, 2009) . Maize plants are affected by several Fusarium species that are responsible for diseases such as root rot, stalk rot, seedling blight, and ear rot. Several species of Fusarium belonging to section Liseola can cause Fusarium ear rot of maize, but Fusarium verticillioides (Sacc.) Nirenberg has been reported as the most prevalent Fusarium species on maize worldwide (L e s l i e , 1991; C h u l z e et al., 2000 ; D a n i e l s e n et al., 1998) and Iran (Z a m a n i et al., 1998 ; R a h j o o et al., 2008b) Sorghum (Sorghum bicolor (L.) Moench) is the world's fourth most important cereal crop after wheat, rice, and maize (S m i t h & F r e d e r i k s e n , 2000). Diseases and insects are major factors decreasing yield of sorghum cultivars. Among the diseases, grain mold is one of the most important biotic constraints to production of grain sorghum worldwide (T h a k u r et al., 2006) . Grain mold is caused by number of fungal species such as Fusarium spp. Alternaria alternata, Curvularia lunata, Phoma spp., and approximately 40 other fungal species. Grain mold reduces yield, seed viability, and nutritional quality. Molded grains contain mycotoxins and present health hazards to animals and human beings (C a s t o r & F r e d e r i k s e n , 1980). The use of resistant cultivars offers the most effective method for controlling the disease (F o r b e s et al., 1992) . Grain mold has not been a great problem in Iran yet, but it can be a problem for seed production in humid regions, especially in the north of Iran.
Based on the taxonomic system of G e r l a c h and N i r e n b e r g (1982) the teleomorph of F. verticillioides is Gibberella moniliformis Wineland, which corresponds to mating population A of the Gibberella fujikuroi species complex (L e s l i e , 1991; D a n i e l s e n et al., 1998) . Fusarium verticillioides is one of the most prevalent Fusarium species on maize and sorghum, causing fusarium ear rot and sorghum grain mold in warm and humid regions of Iran. The pathogen produces potent mycotoxins known as fumonisins. Fumonisins are a group of mycotoxins produced by Fusarium verticillioides that contaminate maize and maize-based products (N e l s o n et al., 1993) . Fumonisins were first isolated in 1988 from cultures of F. verticillioides strain MRC 826 by Gelderblom and colleagues (G e l d e r b l o m et al., 1988) at the Programme on Mycotoxins and Experimental Carcinogenesis (PROMEC) of the Medical Research Council (MRC) in South Africa (Marasas, 2001) . Since the discovery of fumonisin B 1 in 1988, more than 10 fumonisins have been isolated and characterized. Of these, fumonisin B 1 (FB 1 ), FB 2 , and FB 3 are the major fumonisins found under field conditions. Fumonisins have been linked to various animal and human mycotoxicoses, such as leukoencephalomalacia in horses, pulmonary edema in pigs, and cancer in rats and humans (G e l d e r b l o m et al., 1988 ; Yo s h i z a w a et al., 1994) .
Researchers use different methods for quantifying fumonisins produced in cereal kernels or foods. The production of monoclonal and polyclonal antibodies against fumonisins have permitted the development of direct and indirect competitive enzyme-linked immunosorbent assays (ELISAs) for screening foods, feeds, animal tissues and fungal cultures for fumonisins. ELISA is well suited for rapidly screening corn for fumonisins. Other advantages of the ELISA kits are their portability and ease of use (J a c k s o n and J a b l o n s k y , 2004).
Limited studies about fumonisins in Iran (Ya z d a n p a n a h et al., 2001 ; S h e p h a r d et al., 2002 ; G h i a s i a n et al., 2005 ; Ya z d a n p a n a h et al., 2006 ; R a h j o o et al., 2008a) indicate that fumonisins are important mycotoxins present on maize kernels before harvesting and during storage procedures.
Objectives of this study were: (i) Evaluation of relative resistance of different maize and grain sorghum genotypes to diseases and (ii) Evaluation of mycotoxin production (fumonisins B) of different maize and grain sorghum genotypes; and to estimate the correlation between disease severity and mycotoxin production level in different genotypes.
MATERIAL AND METHODS

Isolation and Identification of fungal isolates
A total of 61 Fusarium isolates were recovered from maize ear and sorghum panicle samples collected from different fields of the northern part of Iran. Two seeds of each sample were surface sterilized for 1 min with a 1% sodium hypochlorite solution, rinsed twice in sterile distilled water and dried. Two growth media, Potato Dextrose Agar (PDA) and Peptone PCNB Agar (PPA), were used for isolating Fusarium spp. The agar plates were incubated at 25ºC in the dark for 5-7 days. All Fusarium isolates were subcultured on PDA, Spezieller Nahrstoffarmer Agar (SNA), and Carnation Leaf Agar (CLA), using a single spore technique (L e s l i e and S u m m e r e l l , 2006). PDA cultures were incubated at 25ºC and CLA and SNA cultures were incubated at 25ºC under near UV light for four weeks. Morphological identifications of isolates were made using the criteria of G e r l a c h and N i r e n b e r g (1982) and L e s l i e and S u m m e r e l l (2006).
Evaluation of pathogenicity
In order to evaluate the pathogenicity variation of Fusarium verticillioides strains, an experiment based on a randomized complete design with 34 treatments (20 F. verticillioides strains isolated from maize kernels, 12 strains isolated from sorghum kernels, one control with sterile distilled water inoculation and one control without inoculation) and three replications were conducted in greenhouse. Evaluation of pathogenicity was carried out using stem inoculation in one maize inbreed line (MO17) which was susceptible to fungus. Inoculation was made using toothpick method by inserting the infected toothpicks into the first developed internode of corn stems, when the maize seedlings were two months old. The pathogenicity of each isolate was evaluated based on the necrosis length observed in stems, 10 days after inoculation (D a n i e l s e n et al., 1998) .
Evaluation of resistance to disease
In order to estimate disease severity on different maize and sorghum genotypes, a field trial was carried out based on a randomized complete block design with 10 treatments (Table 1) and three replications for each crop at Gorgan station (in the north of Iran) in 2010. The ears of corn plants were inoculated by spore suspension of the mixture of some virulent F. verticillioides isolates using an ear inoculation method (Nail Punch). The sorghum panicles were also inoculated by spraying of spore suspension isolates at flowering stage. All genotypes were evaluated based on the visual disease severity rating using scales 1-7 (R e i d and Z h u , 2002) for fusarium ear rot and visual panicle grain mold rating (PGMR) using 1-9 scales (S h a r m a et al., 2010) for grain mold at physiological maturing stage. 
Fumonisins production analysis
All infected ears and panicles were gathered from the field and mixed kernels of each genotype were randomly collected to evaluate by ELISA kits (AgraQuant Fumonisin Kit; Romer Labs, Austria) for their total fumonisins production at the physiological maturing stage.
RESULTS AND DISCUSSION
Among Fusarium isolates, a total of 32 and 20 F. verticillioides strains were isolated from maize and sorghum kernels respectively and were identified based on the morphological criteria. After pathogenicty evaluation of isolates in greenhouse test, 8 aggressive isolates were selected for inoculating maize and sorghum genotypes.
All maize genotypes showed statistically significant difference in their susceptibility to F. verticillioides and fumonisin contamination in Gorgan (Figure 1) .
The results of fumonisins analysis obtained from ELISA test showed that lines 1 (resistant) and 3 (susceptible) with 2.4 ppm and 13.7 ppm had the least and highest amount of total fumonisins respectively among all maize genotypes. On the other hand, line K19/1 (susceptible) had significantly higher levels of fumonisin in the grain and higher infection rate than the other genotypes used in this test. Fumonisin levels in maize kernels of infected ears ranged from 2.4 ppm to 13.74 ppm. No Maize line in this test was entirely free from fumonisin, so breeders should be able to find materials with better tolerance.
In addition, there were differences among sorghum genotypes in susceptibility to grain mold and also to fumonisin contamination (Figure 2) . Fumonisin levels in sorghum kernels ranged from 0.2 ppm to 4.8 ppm. Among all sorghum genotypes, genotypes 10 and 6 with 0.2 ppm and 4.8 ppm had the least and the highest amount of total fumonisins respectively. This is the first report of fumonisin analysis of sorghum hybrids in Iran. There was a relationship between fumonisin contamination and disease severity measured on different maize genotypes (r = +0.71) and this value was estimated less (r = +0.59) for sorghum genotypes (Figure 3) . Our data are agreed with those of B u s h et al., (2004) and C l e m e n t s et al., (2004) . Bush found that the maize hybrids reported to be more susceptible to Fusarium Fig. 1 -Different responses of maize genotypes to fusarium ear rot based on disease severity (%) at field experiment (a), and total fumonisin detected from maize kernels of each genotype using ELISA test (b) ear rot had a significantly greater infection rate than either the resistant or the intermediate hybrids (B u s h et al., 2004) . In contrast to K e d e r a et al., (1994) who did not find significant fumonisin production level in maize hybrids with high infection, C l e m e n t s et al. (2004) found a correlation between low production levels and fusarium ear rot in some hybrids.
CONCLUSION
As a conclusion, it seems that fumonisins are present on infected maize and sorghum kernels and even on healthy kernels in our country. Fumonisins can be considered as a great threat for consumers, especially when susceptible genotypes are used by farmers.
The results of this experiment demonstrated that fumonisin production level in maize kernels (maybe as maize kernels are the main host of this fungus) was significantly higher than in sorghum kernels in Gorgan region. There was a significant relationship between fumonisin contamination and disease severity measured on maize kernels. These results can help us to find the genotypes with low fumonisin accumulation in the future investigations. We need to continue Fig. 2 -Different responses of sorghum genotypes to grain mold based on disease severity (%) at field experiment (a), and total fumonisin detected from sorghum kernels of each genotype using ELISA test (b) our survey to quantify fumonisin levels in a broad range of genotypes at different locations and using more reliable methods like HPLC to find cultivars with low infection and fumonisin contamination. H . , Ya z d a n p a n a h H . , S h e p h a r d G . S . , V a n d e r W e s t h u i z e n , L . , V i s m e r , H . Fusarium verticilliodes је једна од најраспрострањенијих Fusarium врста на кукурузу и сирку и изазива труљење клипа кукуруза и плеснивост зрна сирка у топлим и влажним подручјима Ирана. Ова патогена гљива производи јаке ми-котоксине познате као фумонизини. У циљу одређивања стварања микотоксина (фумонизина) на различитим генотиповима кукуруза и сирка постављен је оглед по случајном complete-block дизајну са 10 третмана и 3 понављања за сваки род на локацији Горган 2010. године. Клипови кукуруза су инокулирани техником бу шења са суспензијом спора која представља мешавину неких вирулентних F. verticilliodes изолата. Метлице сирка су инокулиране прскањем суспензије изо-ла та која садржи споре у време цветања. Сва инфицирана зрна су помоћу ЕЛИСА китова (AgraQuant Fumonisin Kit; Romer Labs, Austria) оцењивана у погледу укупне производње фумонизина у физиолошкој фази сазревања. Сви генотипови су показали статистички значајну разлику у производњи фумонизина на локацији у Горгану. Резултати добијени ЕЛИСА тестом су показали да су линија 1 (от пор-на) и линија 3 (осетљива) са 2,4 ppm односно 13,7 ppm линије са највећим односно најмањим садржајем укупних фумонизина код свих генотипова кукуруза. Код сирка, генотип 10 и генотип 6 са 0,2 ppm односно 4,8 ppm су имали највећи од но-сно најмањи укупни садржај фумонизина. Резултати нашег екепримента у ре ги-ону Горган су показали да је ниво стварања фумонизина у зрну кукуруза (можда због тога што је кукурузно зрно главни домаћин ове гљивице) био знатно већи него у зрну сирка.
